Dose-response models
It is remarkably difficult to decide whether the extra cases of cancer and genetic defect likely to result from very low levels of radiation are really negligible. Apart from the difficult social judgment of what is negligible, there is the problem of dose-response relationships at the lowest levels: how are the risks (if any) associated with occupational and diagnostic exposure, for example, to be extrapolated from data on heavier exposures ? The population sizes needed for proper risk estimates at these low levels are enormous. For example, if risk is proportionate to dose right down to zero-that is, if there is a linear dose-response relationship-and if 1000 exposed and 1000 control subjects are required to estimate the excess cases of cancer caused by 1 Gy (100 rad) of radiation, 100 000 in each group would be needed for 0 1 Gy (10 rad) and a million for 0 01 Gy (1 rad).3 Moreover, extrapolation is beset with many other problems, such as lack of comparability between different populations and conditions of exposure.
A linear dose-response relationship has been generally assumed in setting radiological protection standards. But this is widely believed to give too high an estimate of the risk of cancers from very low radiation levels,2 3 at least for the low-LET x-rays and gamma rays, which are the main radiation types to which the general population and workers are exposed. Some support a quadratic relationship, with the cancer risk proportionate to the square of the radiation dose for x-rays and gamma rays: in other words, the risk per unit dose at low levels would then be disproportionately low compared with that at high levels (fig 1) .3 Nevertheless, certain scientists are arguing that the linear hypothesis actually underestimates the risks. 4 The recently published third report of the US National The rad ("radiation absorbed dose") is the conventional measure of the radiation energy actually absorbed, being equivalent to 10-2 joules per kilogram ofirradiated material. In SI units, 100 rad_ 1 gray (Gy).
To take account of the different biological effectiveness of low-and high-LET radiation the rem ("roentgen equivalent for man") is often used. Thus for beta and gamma radiation and x-rays 1 rad_=1 rem, but for alpha particles 1 rad_ 10 rem. In SI units, 100 rem-1 sievert (Sv). The major cancers induced by whole-body radiation have been established as leukaemia and tumours of the breast in women, the thyroid (especially in women), the lung, and some digestive organs3; but approximate risk estimates, at the higher radiation levels, have been derived for at least 10 other organs from more limited data.' 9 By and large the cancer risk estimates derived from different epidemiological studies are reasonably consistent-despite the differences in the populations studied and the conditions of radiation exposure.' 3 to which the Japanese were exposed, may have a disproportionately greater effect than the partial-body irradiation received by most other groups."1 He has also argued from the experience of the "early entrants" to the bombed cities, who were not "selected" and though exposed to much lower levels of radiation appeared to Some studies relating to very low-level radiation exposure Nuclear waste gives rise to radiation exposures in the population well below those discussed above. A recent American report from Colorado State attracted much attention-it claimed a cancer incidence 24% higher in the men and 10% higher in the women exposed to plutonium-containing exhaust fumes from a plutonium processing plant (apparently resulting in soil contamination) than in the control population (CJ Johnson, paper to International Radiation Protection Association, Jerusalem, 1980). The paper has, however, been heavily criticised (J A Reissland and S C Darby, NRPB, unpublished paper). An apparent increase in registrations of myeloid leukaemia in Lancashire,'1 3' it has been suggested, might be associated with the increased radioactivity of the coastal waters and fish in North-west England; but this now seems unlikely.2 ' 33 If very low-level radiation does damage cells, areas of the world with high natural radioactivity might be expected to produce long-term effects on their populations; but no good evidence of these have so far emerged.' Effects would, however, be hard to prove, since there is generally no more than a twofold difference in radiation dose between the areas with high and low background levels, and huge populations would be needed; in any case differences in other factors are likely that would mask any small radiation effect. A recent Chinese study covered a stable population of about 73 500 in areas with background radiation some three times that of the control areas, but this too failed to uncover any health effects. '4 The extensive data from the various lengthy studies from which the International Commission on Radiological Protection derives its recommended dose limits would appear to give a reasonably sound and consistent basis. Nevertheless the uncertainties about very low radiation levels are sufficient for studies giving divergent results to have serious attention. Theoretical considerations will be looked at briefly in the next article, to introduce some discussion of the practical issues.
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Sources of radiation and radiological protection Natural radiation consists of cosmic rays, radiation from rocks and soil, and internal naturally occurring radionuclides, and contributes by far the most to the average exposure in any community-about two-thirds of the whole-body dose. This is followed by medical irradiation, which constitutes nearly a third of the total for the British population taken as a whole. Fallout, radiation from consumer products and other miscellaneous sources, and occupational exposure each provide under 1%0, and radioactive waste a small fraction of 1%.35 36 The average annual whole-body dose equivalent from all sources in Britain is about 1600 ,uSv (160 mrem) according to the National Radiological Protection Board.32 National radiological protection standards, for the general public and for workers, are based on the recommendations of the International Commission on Radiological Protection; the current recommendations are set out in ICRP Publication 26.2 
